In Singapore personal injury litigations, successful claimants usually receive their compensations as a lump sum. The main advantage of a lump sum payment is that the proceedings can be concluded with a 'clean break' between the parties. The lump sum is a result of discounting the future pecuniary values into a single present-day amount, considering the time value of money and the claimant's mortality. Conventionally, lump sum awards are determined by making reference to a spread of amounts in comparable cases. However, a fairer method would be one that involves input from not only lawyers but also other experts including economists and actuaries. This study, which is carried out by an inter-professional working group, provides a set of actuarially computed tables for use in personal injury settlements in Singapore. The calculations involve a consideration of recent advancements in stochastic mortality modeling and an empirical study on the econometrics of real returns on risk-free assets in Singapore. We then present two recent personal injury cases in Singapore, aiming at helping the Singapore legal profession understand and use the economic principles with actuarial tables, and educating economists and actuaries the legal concerns and concepts in personal injury cases.
Introduction
When an innocent party is injured in a tort-based system of law as the result of the wrong of another party, the innocent party should be awarded adequate and proper compensation. The basic principle underlying the assessment of the quantum of damages is restitutio in integrum, which implies that the amount of compensation awarded should put the successful plaintiff in the position he or she would have been had the tortious action not been committed.
When assessing future pecuniary loss in personal injury litigations, courts often use the multiplicand/multiplier approach. The objective is to calculate a lump sum to compensate the plaintiff for future loss of earnings and to cover a stream of future expenses. This lump sum is simply considered as the product of a multiplicand and a multiplier. The multiplicand (the future annual loss of income and the annual consequential expense, such as the cost of care) is established by evidence put before the judge, who then has to decide an appropriate multiplier. The multiplier is used to discount the future pecuniary values into a present lump sum, considering the time value of money, the plaintiff's mortality and contingencies other than mortality.
The conventional approach to selecting multipliers is based on the applied wisdom of the courts over many years. In choosing a particular multiplier, the court will make comparisons with multipliers used in similar cases. However, when the conventional approach is used, the multipliers would not be linked to the mortality experience or the local economic environment. Furthermore, it is practically impossible to find any truly comparable cases that have similar factors in respect of age and sex of the victims, mortality experience of the general population, inflation, taxation, and investment return rates. The fairness of conventional multipliers, which are based on analogy is, therefore, questionable.
Alternatively, an actuarial approach may be used in deciding a multiplier. In England, the Ogden Tables  1 -tables of actuarially computed multipliers -assist in the calculation of damages for personal injury. They are computed on the basis of the actuarial equivalence principle, by which we mean the compensating amount is the expected present value of all future losses and expenses. Initially, the Ogden Tables had no legal authority. However, the working party responsible for their production strongly encouraged the legal profession and the judiciary to use them. Although they have been widely used by judges since 1984, they have only recently received formal recognition. Under the Civil Evidence Act 1995, the Ogden Tables are admissible in evidence for the purpose of assessing, in an action for personal injury, the sum to be awarded as general damages for future pecuniary loss. In July 1998 the House of Lords approved actuarial evidence as the primary method of assessing future pecuniary loss, rather than viewing it as a mere check.
At present, courts in Singapore use the conventional approach to choosing multipliers, without admitting any actuarial evidence. However, given that the judicial system in Singapore is based on the English common law, the current practice in Singapore may need to be reformed. Although judicial decisions in the United Kingdom are not binding in the Singapore Courts, these decisions are, even following the introduction of the Application of English Law Act 1 Their first edition, officially named 'Actuarial Tables with Explanatory Notes for Use in Personal Injury and Fatal Accident Cases,' prepared by the British Government Actuary's Department, was published in 1984. They are generally known as the 'Ogden Tables,' after Sir Michael Ogden, QC, who was responsible for their publication, and who was also the chairperson of the joint working party of actuaries and lawyers responsible for victim compensations.
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There are several possible ways of implementing the actuarial approach in Singapore. One option is simply to adopt the Ogden Tables in Singapore. However, it would not be practical as the Ogden Tables were constructed in the light of circumstances in England, 3 but not Singapore. In Figure 1 we compare the 5-year (2001) (2002) (2003) (2004) (2005) average values of death probabilities (q x ) for these two regions. 4 We observe that Singaporeans in general have a lighter mortality pattern (except at a few ages). As a result, the appropriate multipliers for Singaporeans should be larger than those given in the Ogden Tables.   0  10  20  30  40  50  60 Another option is to, as recommended by Chan and Chan (2000) in a case commentary, construct modified forms of the Ogden Tables by a working party, which would ideally consist of lawyers, actuaries and econometricians. In the wake of this recommendation, this interdisciplinary study sets out to derive a set of multiplier tables that would be appropriate for 2 Cap 7A, 1994 (Rev Ed) . The Act has created a climate in which the Singapore courts have been encouraged to look beyond English decisions when deciding on applicable law. This contrasts strongly with the previous position, under which decisions of the House of Lords relating to very similar areas of law were followed almost automatically by the Singapore courts.
3 The Ogden Tables are now in their sixth edition. They are calculated using the projected mortality rates for England and Wales assumed in the latest 2002-based population projections. Accepted Paper use in personal injury cases in Singapore. The derivation requires a reasonable estimate of the future mortality likely to be experienced by the population of Singapore. We obtain such an estimate by considering the stochastic mortality models proposed by Lee and Carter (1992) and Renshaw and Haberman (2006) . Further, we examine on the basis of these models the potential impact of cohort effects on the multipliers. The resulting multiplier tables are applied to two recent personal injury cases in Singapore. We intent to, through the study of these cases, help the Singapore legal profession understand and use the actuarial tables and educate actuaries the legal concerns and concepts in personal injury cases. The remainder of this paper is organized as follows: Section 2 provides an overview of the multiplier tables and explains the underlying actuarial principles; Section 3 details the projection of Singaporeans' mortality and examines the potential impact of cohort effects on the multipliers; Section 4 discusses how an appropriate discount rate may be chosen; Section 5 applies the multiplier tables to some recent personal injury cases in Singapore and compares the actuarial approach (implemented with the multipliers we derived) with the conventional approach; finally, Section 6 concludes.
The Multiplier Tables
The multipliers in the Ogden Tables allow users to assess the present capital value of future annual loss or expense calculated on the basis of various assumptions. In the current (sixth) edition, there are 28 tables of multipliers, which may be divided into the following categories:
1. Multipliers for pecuniary loss for life (Multiplier Tables 1 and 2) Multiplier Tables 1 and 2 assume that the loss or expense begins immediately and continues for the whole of the rest of the claimant's life, allowing for different potential lifespans, including the possibility of early death or prolonged life. Tables 3 to 14) Multipliers Tables 3 to 14 assume that the loss or expense begins without delay but continues only until the claimant's retirement or earlier death. Retirement ages 50, 55, ..., 75 are assumed. If the claimant's retiring age is different from that assumed in any of the tables, a linear interpolation may be used. 5 For instance, if a claimant of age 42 (x = 42) is retiring at age 58 (R = 58), then the correct multiplier can be computed by the interpolating between the multipliers for (x = 39, R = 55) and (x = 44, R = 60).
Multipliers for loss of earnings to pension age (Multiplier
3. Multipliers for loss of pension commencing from the retirement age (Multiplier Tables 15  to 26 ) Multipliers Tables 15 to 26 assume that the annual loss or annual expense will not begin until the claimant reaches his/her retirement but will then continue for the whole of the rest of his/her life. Due allowance is made for the chance that the claimant may not live to the age of retirement. Retirement ages 50, 55, ..., 75 are assumed. An approximation is also required when the claimant's retiring age is different from that assumed in the tables. Table 27 ) Multiplier Table 27 contains discount factors computed on the basis of a fixed interest rate and a fixed term.
5. Multipliers for pecuniary loss for term certain (Multiplier Table 28 ) Multiplier Table 28 contains annuity factors that relate purely to the effect of compound interest and ignore mortality. These factors are used when there is clear evidence to support the view that the claimant is atypical and will enjoy a longer or shorter expectation of life. In this situation, we may approximate the multiplier by an annuity factor (from Multiplier Table 28 ) whose term equals the claimant's expected future lifetime, determined by the court or agreed by both parties.
6
In each table, the multipliers/factors are shown for a range of possible annual rates of return ranging from 0% to 5%. A summary of the Ogden Tables is provided in Table 1.   6   Table 1 . A Summary of the Ogden Tables   Table number  Multipliers  Formula  1, 2 Multipliers for pecuniary loss for lifeā x 3, 4
Multipliers for loss of earnings to pension age 50ā x:50−x 5, 6
Multipliers for loss of earnings to pension age 55ā x:55−x 7, 8
Multipliers for loss of earnings to pension age 60ā x:60−x 9, 10
Multipliers for loss of earnings to pension age 65ā x:65−x 11, 12
Multipliers for loss of earnings to pension age 70ā x:70−x 13, 14
Multipliers for loss of earnings to pension age 75ā 4. Adjust the multiplier to incorporate contingencies other than mortality The baseline multipliers take no account of risks other than mortality, for example, future redundancy and subsequent unemployment, temporary ill health, permanent disability, and early retirement. The baseline multipliers are adjusted downwards to take account of non-mortality risks, expressed as reduction factors. These reduction factors, which are based on the work of Butt et al. (2008) , are provided in the Explanatory Notes of the sixth edition of the Ogden Tables.
Compute the lump sum
The lump sum award is the product of the multiplier and the multiplicand, which represents the annual loss of earnings and other benefits assessed at the date of trial.
Constructing Multiplier Tables for Singaporeans
Mortality assumptions are required in constructing multiplier tables for use in personal injury litigations. The basic principle of setting such assumptions is that the multiplier tables should be based on a reasonable estimate of the future mortality likely to be experienced by average members of the population alive today. Multiplier Tables 1 to 26 However, official projections of Singaporeans' mortality are not available. Although Chia and Tsui (2003) made a mortality projection for Singaporeans in their study on retirement income adequacy, the projection they made are for people who are aged 60 or above. Given that the actuarial multipliers involve not only the elderly population, we require a complete and 7 In previous editions, tables have been included based on the mortality rates experienced in England and Wales in a historical three-year period. For example, tables based on mortality experienced in years 1990 to 1992, published by the Government Actuarys Department as English Life Table No . 15 (ELT15), were set out in the 4th Edition of the tables. However, the Ogden Working Party has decided that it is not necessary to publish these historic tables again in this edition and have correspondingly agreed that the tables to be published should be based on a reasonable estimate of the future mortality likely to be experienced by average members of the population alive today.
The Singapore Economic Review c World Scientific Publishing Company Accepted 30 March 2010 Accepted Paper up-to-date mortality projection to construct the multiplier tables for Singaporeans.
The Data
We base our mortality projections on the data provided by the Department of Statistics (DOS) of the Singaporean government. The mortality data cover a period of 27 calendar years from 1980 to 2006. 8 A limitation of the data is that they are given in an abridged form, by which we mean they are provided by age group rather than single age. In more detail, we are given the death probabilities for age 0, age groups 1-4, 5-9, 10-14, ..., 80-84 and the open age group 85+. We take the following steps to obtain single-year death probabilities, which are required in constructing the multiplier tables:
1. For each year, we create from the abridged death rates a hypothetical cohort (i.e., l x for x = 1, 5, 10, ..., 85, where l x is the number of survivors at age x) with an arbitrary radix l 0 . Given the hypothetical cohort, we compute the death count for each age group.
2. We disaggregate the lumped death counts by using the method proposed by Boot et al. (1967) .
3. From the disaggregated death counts, we can conveniently compute the number of survivors l x and the death probability q x for every single age from 0 to 85.
4. Following the suggestion of Li and Chan (2004) , we extrapolate projected values of q x to x = 110 by the Coale-Kisker method (Coale and Kisker, 1990 ).
The Models
Projections of Singaporeans' future mortality can be made scientifically by using stochastic mortality models. Various stochastic models have been developed in recent years. In this paper, we consider the Lee-Carter model (Lee and Carter, 1992) and its cohort-based extension (Renshaw and Haberman, 2006) . These models are widely discussed in the actuarial literature (see, e.g., Lee (2000) , Renshaw and Haberman (2003a,b) ), and are found to give a good fit to the mortality data of various developed countries (see, e.g., Tuljapurkar et al., 2000) . The Lee-Carter framework specifies the log of the single-year central death rate (m x,t ) at age x and time t as follows:
where a x is an age-specific parameter that indicates the average level of ln(m x,t ) over time, b x is another age-specific parameter that measures the sensitivity of ln(m x,t ) to changes in the mortality index k t ; and x,t is the error term that captures all remaining variations and shows no long-term trend.
As suggested by Wilmoth (1993) and Brouhns et al. (2002) , we can assume that the observed death count at any age and in any year is a realization of a Poisson distribution with mean equal 8 The data for year 2006 are preliminary.
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where D x,t and E x,t are the number of deaths and exposures at age x and time t, respectively, and c is a constant that is free of the model parameters. We obtain the number of exposures by setting E x,t to (l x,t + l x,t+1 )/2, where l x,t is the number of survivors at age x and time t, assuming that deaths are uniformly distributed over each year. 9 By maximizing the log-likelihood using standard Newton's method, we obtain estimates of {a x }, {b x }, and {k t }, which are shown in Figure 2 .
The prediction of future death rates is often complicated by cohort effects, which refers to the situation when the mortality improvement for a group of birth years is systematically higher or lower than that of the neighboring cohorts. The implications of cohort effects are twofolds:
1. multipliers for birth cohorts with a systematically higher (lower) rate of mortality improvement are higher (lower), assuming all other factors are equal;
2. the original Lee-Carter model, which specifies no relationship between death rates and years of birth, may not give an adequate fit.
To have a better understanding on cohort effects in Singaporeans' mortality, we consider Renshaw and Haberman's (2006) extension to the original Lee-Carter model. This extension, which relates future death rates (m x,t ) to years of birth (t − x), can be expressed as follows:
where a x , b x , and k t are the original Lee-Carter parameters, ι t−x is an additional driving force of mortality improvement due to cohort effect, c x determines the sensitivity to ι t−x at different ages, and x,t is the error term. Assuming again that the observed death count at any age and in any time is a realization of a Poisson distribution, we have the following log-likelihood:
where c is a constant that is free of the model parameters. Maximizing the log-likelihood above yields estimates of a x , b x , k t , c x , and ι t−x . In Figure 3 we show the maximum likelihood estimates of c x and ι t−x . Estimates of a x , b x , and k t are similar to those from the original Lee-Carter specification.
We perform a likelihood-ratio test to examine whether or not cohort effects are significant in Singaporeans' mortality. The p-values are 0.1625 and 0.5516 for males and females, respectively. These p-values indicate that there is not sufficient statistical evidence for cohort effects. 9 Alternatively, we may modify the original Lee-Carter specification when we are given values of l x,t but not E x,t . In more detail, we may rewrite the model in a logit scale, i.e., ln[q x,t /(1 − q x,t )] = a x + b x k t + x,t and assume that D x,t follows a binomial distribution with parameters l x,t and q x,t (see Cosette et al. (2007) ). In Table 2 we compare the original Lee-Carter model with its cohort-based extension using the following selection criteria:
1. Akaike Information Criterion (AIC) (Akaike, 1974) , defined by l − j, where l is the loglikelihood and j is the number of parameters. A higher value of AIC is more preferable.
2. Schwarz-Bayes Criterion (SBC) (Schwarz, 1978) , defined by l − 0.5j ln(n), where n is the number of observations. A higher value of SBC is more preferable.
By the principle of parsimony, we should make use of the least possible number of parameters for adequate representations. The above selection criteria, which have taken account of To obtain a projection of future death rates, we model and extrapolate {k t } using an autoregressive integrated moving average (ARIMA) model 10 . On the basis of the Box and Jenkins' approach (Box and Jenkins, 1976) , we find that the specification of ARIMA(2,1,0) fits well for both genders. In Figure 4 we show, separately for each gender, the sample autocorrelation function (ACF) for the residuals. The sample ACFs cut off at lag 0, indicating that the ARIMA models have adequately captured the serial correlations in {k t }.
From the ARIMA(2,1,0) models we obtain a central projection of future mortality (see Figure 5) . For readers' information, we also include in Figure 5 probabilistic confidence intervals that are generated by parametric bootstrapping (Brouhns et al., 2005) . Other methods of attaching confidence intervals to the central projection include residual bootstrapping (Koissi et al., 2006) , Markov Chain Monte Carlo (Czedo et al., 2005) and the generation of random deviations from the central estimates of model parameters (Renshaw and Haberman, 2008) .
Given the mortality projection, we can readily compute the actuarial multipliers using the formulas shown in Tables 7, 8 , 27, and 28) are provided in the Appendix. 10 We have examined whether the mortality indexes k t for men and women in Singapore are best described by stochastic trends (difference stationary models) or deterministic trends (trend stationary models). Such a distinction is important because mortality forecasts generated from these two classes of time-series models could be highly different. In particular, we applied the conventional Augmented Dickey-Fuller (ADF) test to examine the stationarity of the mortality indexes. The lag order of the model is selected based on the recursive t-statistic procedure suggested by Ng and Perron (1995) . The finite sample critical values of the ADF test are simulated by a non-parametric bootstrap. The resulting test statistics are −1.60 and −1.80 for Singapore male and female k t indexes, respectively. We conclude that difference stationary models, such as the class of ARIMA processes, are more appropriate for modelling the k t data. 
The Discount Rate
The discount rate, which may be considered the rate of return that a claimant can achieve on the lump sum of award before it is used up, is crucial in determining an appropriate multiplier. In England, judges used discount rates of about 4 to 5% (net of tax) in personal injury cases before 1998, assuming that plaintiffs would invest in a spread of investments ranging from gilts "... I think the reality is that the plaintiffs in the present cases are not in the same position as other persons who have to rely on capital for future support. Unlike the great majority of persons who invest their capital, it is vital for the plaintiffs that they receive constant and costly nursing care for the remainder of their lives and that they should be able to pay for it, and any fall in income or depreciation in capital value of their investments will affect them much more severely than persons in better health who depend on their investment for support..." -Lord Hutton in Wells v Wells.
In England, the only investment that is free of even moderate risk is Index-Linked Government Stocks (ILGS) -the government guarantees the capital and income, and there is a protection from the erosion of purchasing power due to inflation. In deciding Wells v. Wells, the House of Lords ruled that the discount rate (net of tax) should be 3% per annum, which was the prevailing rate of return on ILGS when the decision was made. The House of Lords also went on to lay down an authoritative guideline discount rate of 3% to be applied in other cases, until a rate was prescribed under Section 1 of the Damages Act 1996 by the Lord Chancellor.
On 25 June 2001, the Lord Chancellor made the Damages (Personal Injury) Order 2001 pursuant to Section 1 of the Damages Act 1996. On the basis of the arithmetic average of the gross redemption yields on ILGS (at an assumed rate of inflation of 3%), for 3 years leading up to 8 June 2001, the Lord Chancellor decided a discount rate of 2.5%, which would cover all personal injury cases in England in the foreseeable future. There are two advantages of using a fixed discount rate: 1. A fixed discount rate avoids deliberate delays in settlement resulting from one side's determination to gamble on the movement of the yield on ILGS.
2. A fixed discount rate eliminates the disparity of outcome between similar cases resolved or decided at different times.
Initially, the order was criticized by some personal injury practitioners (see, e.g., Hogg (2002) ), but later the Lord Chancellor re-confirmed the authority of his decision with additional supporting reasons.
Following the current practice in England, the discount rate for personal injury cases in Singapore would be chosen by making reference to the yields on inflation-protected securities issued by the Government of Singapore. Such securities, however, are not available. To determine a real and risk-free rate of return that is applicable for personal injury settlements in Singapore, we consider the Fisher hypothesis (Fisher, 1930) , which states that the nominal interest rate is the sum of the expected inflation rate and the ex ante real interest rate. That is, The estimation of π e can be performed in different ways. One approach is to survey the public and ask what rate of inflation they expect (see, e.g., Thomas (1999) ). However, if survey data are not available, economists usually use averages of past inflation rates to construct proxy measures for the expected rate (see, e.g., Fisher (2001, p.174) ). In the absence of survey data, we use a three-year backward-looking moving average of annual inflation rates as a proxy measure for π e . Past inflation rates (increase in CPI) in Singapore are obtained from Statistics Singapore (http://www.singstat.gov.sg).
In Figure 6 we show the estimates of i and π e for the period of 1997-2007. On the basis of the Fisher hypothesis, the gap between the nominal yields (upper line) and the expected inflation rates (lower line) represent the real rates of return on risk-free securities in Singapore. We observe that the gap has been fairly stable, with an average of 2.57%. Given the results of this empirical study, we recommend a discount rate of 2.5% (rounding 2.57% to the nearest half percent) per annum for use in personal injury settlements in Singapore. Note that no allowance for taxation is required since interests earned from SGS are exempted from tax. 
Two Examples
In this section we illustrate the use of actuarial multipliers with two recent personal injury cases in Singapore. All multiplier tables involved in the illustrations are provided in the Appendix.
Coh Eng Hong v. Management Corporation of Textile Centre and another ([2003] 1 SLR 209)
The plaintiff was injured on May 1997 when the lift she was using fell 19 floors to the bottom of the lift shaft. At the time of the accident, she was 51 years old and was working as a host 'mamasan' at a nightclub in Singapore. She could not resume work after the accident because of injuries to her left lower limb, post-traumatic stress disorders and problems she had with her eyes.
In the interlocutory judgment, the assistant registrar (AR) used a multiplier (for loss of earnings) of 5 years, considering that the plaintiff was 54 years old at the time of the trial and that host 'mamasans' can work till 60 as long as they have their customers and 'daughters'. Based on a multiplier of 5 years and a multiplicand of SG$32,400 per year, the plaintiff was awarded an amount of SG$120,000 for post-trial loss of earnings.
Subsequently, the defendants appealed against the damages awarded. The judge in the High Court criticized the AR for overlooking the following matters:
1. 'Mamasans' are prone to come and go, as are the lounges and nightclubs they operate in. Therefore, there is a high chance of future redundancy (which may be considered a contingency other than mortality). Given this piece of uncertainty, the judge lowered the original multiplier by 40% to 3 years.
2. The plaintiff's eye problems were unrelated to the accident, although they were developed after the accident. Having considered this issue, the multiplicand was reduced to SG$26,400 per annum.
Accordingly, the final amount awarded to the plaintiff for post-trial loss of earnings was SG$79,200.
When we use the actuarial tables to make a decision on the multiplier, the post-trial loss of earnings would be computed as follows:
1. Look up Multiplier Table 8 for multipliers for loss of earnings to pension age 60 for females.
2. Given the information from Section 4, we choose a discount rate of 2.5%.
3. Multiplier Table 8 shows that, on the basis of a 2.5% discount rate, the multiplier for a 54-year-old female is 5.53 years.
4. It is necessary to take account of contingencies other than mortality. Following the decision made by the judge in the High Court, we reduce the baseline multiplier by 40% to 5. Using the multiplicand decided by the judge in the High Court, the lump sum award for loss of future earnings is SG$87,648 (3.32×26,400).
Tan Woei Jinn v. Thapjang Amorthap and another ([2005] 2 SLR 553)
The plaintiff, a Malaysian, had been working in Singapore as a carpenter for SG$1,500 per month at the time of the accident. After the accident in which he was seriously injured, the plaintiff returned to Malaysia and found employment repairing telephones for SG$220 a month.
Having considered the plaintiff's age (20-year-old), the AR adopted a multiplier of 15 years when calculating the plaintiff's loss of future earnings. She applied the multiplier to two multiplicands:
1. SG$1,280 per month ($1, 500 − $220) for the first ten years; 2. SG$2,780 per month ($3, 000 − $220) for the next five years.
As a result, the plaintiff was awarded an amount of SG$320,400 for the loss of future earnings in the interlocutory judgment.
The defendants then appealed against the amount awarded. In the High Court, the judge pointed out the following two errors made in the interlocutory judgment:
1. The AR was wrong on the plaintiff's age. The plaintiff was 22, but not 20, years old when the awards were made.
2. The AR did not consider the possibility that the plaintiff would return home before the end of his working life, and that the plaintiff would earn a different wage on returning home.
The judge believed that the error in the plaintiff's age was immaterial and therefore did not change the multiplier. However, the judge thought that it would be more reasonable to assume that the plaintiff would return to Malaysia after 10 years even if the accident had not occurred. Provided that the plaintiff would work until age 60, he would work for 28 years on returning to Malaysia.
Given the above considerations, the judge split the multiplier of 15 years into two portions: the first portion (4 years) was applied to the anticipated loss of earnings (SG$1,280 per month) in Singapore, while the remaining portion (11 years) was applied to the anticipated loss of 11 The court should consider the impact of contingencies (such as sickness, unemployment and stoppages) other than mortality on working life. Tables of reduction factors to be applied to the multipliers were first introduced in the Second Edition of the Ogden Tables, and they were significantly expanded in the Sixth Edition of the Tables  (Section B) . These factors were based on studies by a number of researchers in the United Kingdom. It would not be practical for the Singapore courts to simply adopt the exact Tables of reduction factors in the Ogden Tables,  as they were constructed in the light of labour force circumstances in the United Kingdom, not of Singapore. However, these factors can serve as a benchmark for Singapore judges.
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The loss of future earnings in Singapore:
1. Look up Multiplier Table 28 for multipliers for pecuniary loss for term certain.
2. Multiplier Table 28 shows that, on the basis of a 2.5% discount rate, the multiplier for a certain term of 10 years is 8.86 years.
3. Given a multiplicand of SG$1,280×12 per year, the estimated loss of future earnings in Singapore is SG$136,090 (8.86×1,280×12).
The loss of future earnings in Malaysia 12 :
1. Look up Multiplier Table 7 for multipliers for loss of earnings to pension age 60 for males.
2. The judge assumed that the plaintiff would return to Malaysia at age 32 (10 years from now). Multiplier Table 7 shows that, on the basis of 2.5% discount rate, the multiplier for a 32-year-old male is 19.99 years.
3. The multiplier must be discounted to the time when the award was made. Multiplier Table  27 shows that, on the basis of 2.5% discount rate, the discounting factor for a certain term of 10 years is 0.7812. The correct multiplier is therefore 15.62 years (0.7812×19.99).
4. Given a multiplicand of SG$530×12 per year, the estimated loss of future earnings in Malaysia is SG$99,343 (15.62×530×12).
Using an actuarial approach, the lump sum award for future earnings is SG$235, 433 (136, 090 + 99, 343) . Note that we made no allowance for the plaintiff's mortality from age 22 to 32. However, since mortality rates for this age range are very low, this assumption has only a minimal effect on the resulting multipliers 13 .
Conclusion and Future Research
In personal injury and fatal accident cases, assessing the entitlement of a claimant is a complicated process. The actuarial multiplier tables, which involve input from lawyers, actuaries and 12 The traditional English approach had treated matters of quantification of damages in personal injury litigation as matters of procedure rather than substance. The paragraph 7-004 of Collins et al. (2008) states: The primary objective of this Rule is to obviate the inconvenience of conducting the trial of a case containing foreign elements in a manner with which the court is unfamiliar. The plaintiff is a Malaysian but the trial was conducted in Singapore. We assume that the court follows the traditional English approach and applies the Singapore Multiplier Tables no matter the person is living in Malaysia or Singapore.
13 If the age range under consideration is high, then the court should ask an actuarial expert to compute an actuarial discount factor.
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1. The award, if invested in risk-free securities, would generate a stream of income that is, on an inflation-adjusted basis, equal to the annual loss of earnings and/or other benefits assessed in the law court.
2. Although the claimant may die immediately after the trial or survive to extreme ages, the actuarially calculated award would, on average, exhaust on the claimant's date of death, considering a large number of claimants.
The conventional approach to choosing multipliers tends to result in under-compensation. In both cases we discussed in Section 5, the amount awarded to the plaintiff is significantly lower than that we computed from the actuarial multipliers (see Table 3 ). Luckett and Craner (1994) also found in an empirical study that multipliers that are determined by the conventional board-brush approach are consistently lower than the corresponding actuarial multipliers. Although courts in Singapore are still relying on the conventional approach, the need for reform is obvious. The multipliers tables we construct in this study will provide an important tool for courts in Singapore to use to ensure that an accurate and fair level of compensation is calculated for each case. Readers are reminded that the baseline multipliers take no account of risks other than mortality. The Explanatory Notes of the Ogden Tables provide tables of reduction factors, which serve as a 'ready reckenor' for adjusting the baseline multipliers according to the employment status, disability status and education attainment of the claimant. These reduction factors were initially based on the work of Haberman and Bloomfield (1990) . They were then revised in the Fifth Edition of the Ogden Tables on the basis of the study carried out by Butt et al. (2008) in which reduction factors are modeled by a multiple-state Markov process that is fitted to the data from UK Labour Force Surveys for 1973 Surveys for , 1977 Surveys for , 1981 Surveys for and 1985 . Tables of reduction factors for use in Singapore can be produced in future research when sufficient information on the morbidity and labor force participation of Singaporeans is available.
Mortality data reported by the Singapore Department of Statistics (SDS) are given by age intervals and various assumptions are needed to extract individual age mortality rates. This introduces a source of error in those rates, although this is unlikely to be serious. In any case, it is necessary to verify that the approach of estimating individual age mortality rates produces reasonable results. Furthermore, the mortality rates produced by SDS relate to the general population. A plaintiff may be subject to lighter or heavier mortality than the general population The Singapore Economic Review c World Scientific Publishing Company Accepted 30 March 2010 Accepted Paper depending on his/her health conditions, occupational hazards, etc. Adjustment factors need to be produced to account of these deviations from the 'average' population mortality. To produce multipliers that address these two points requires a great deal of data. At this stage, with the paucity of data, it is probably not feasible to embark on such a large scale exercise. Nevertheless, it may be a worthwhile project to undertake in the future. We conclude from the patterns of inflation rates and nominal yields on SGS for the past 10 years that a discount rate of 2.5% is appropriate for use in personal injury cases in Singapore. This figure is less precise than could be achieved, but it is important to keep calculations simple and accurate in legal applications. Further, the use of a fixed discount rate eliminates potential arguments about the applicable rate, and avoids the complexity and extra costs that a mathematical formula would entail. However, when the anticipated award is large, a small difference in the discount rate can be material and therefore a more exact calculation may be necessary. In this case, a consideration of stochastic investment models, for example, the Wilkie Model (Wilkie, 1995) , is warranted.
The most serious criticism of lump sum awards for personal injury is that there is a need to forecast the real rate of return and how long the payments will be required. The need for forecasting may be avoided by making lifetime periodic payments to the claimant. Recently, judges in Britain have been given the power to make a periodical payment order (PPO), even if it is against the wishes of both parties.
14 Rather than having a clean break, a PPO will produce an uncertain continuing relationship that may vary over time, because the payments must be indexed against inflation and they can be set to continue for the claimant's lifetime. In addition, judges can arrange for the awards to be varied, if necessary, long after trial.
However, the court's power to make a PPO is limited in the following three aspects: (1) the power cannot be exercised in respect of damages for past pecuniary loss unless the parties agree; (2) a PPO can only be made if the continuity of payment is 'reasonably secure, by which it means the payments are to be made by a government of health service body, or they are protected by a compensation scheme which guarantees payment in the event of an insurer's insolvency; (3) the power to impose periodic payments can only be exercised if the case comes to the court for the judge to make the order. 15 As the scope to make a PPO is rather limited, in Britain, the practice of making lump sum payments is still pervasive, and the importance of the actuarial multiplier tables remains.
As described in Lewis (1993 Lewis ( , 2006 and Langstaff (2003) , from the claimants' viewpoint, this newer form of payment is attractive for several reasons. First, it offers claimants greater certainty and security. Second, it is not reliant on uncertain forecasts of inflation and life expectancy. Third, it can relieve a claimant from the stress of having to invest and avoid the costs of obtaining financial advice. However, when periodic payments are made, the defendant has to absorb all risks (investment and mortality) involved. Insurers in Britain are not in favor of the new legislation, due partly to the challenge of setting reserves when future liability is highly uncertain, and partly to the difficulty in deciding the threshold above which the liability is reinsured. In fact, according to Lewis (2006) , only a bare majority (57%) of respondents to the Lord Chancellor's consultation paper gave an unqualified welcome to the imposition of PPOs.
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Since the issue of the power to make a PPO is such controversial, we anticipate a lengthy consultation before there is any change to the personal injury legislation in Singapore. Significant further research, for example, on the impact of PPOs on the insurance industry in Singapore, is demanded. For the time being, the lump sum approach is dominant in Singapore, and the multiplier tables we provide in this article would serve as a useful tool for personal injury practitioners in Singapore. 
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